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CLAIMS 



What is claimed is: 



An isolated nucleic acid fragment encoding a nitrilase enzyme selected 
from the\n-oup consisting of: 

(a) an isolated nucleic acid fragment encoding all or a substantial 
portion of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 5 and SEQ ID NO: 14; 

(b) \ an isolated nucleic acid fragment that is substantially similar to 
isolated nucleic acid fragment encoding all or a substantial 

10 pVtion of the amino acid sequence selected from the group 

consisting of SEQ ID NO: 5 and SEQ ID NO: 14; 

(c) an isVated nucleic acid molecule that hybridizes with the 
isolated nucleic acid fragment of (a) under hybridization 
conditions of 6X SSC (IM NaCl), 40 to 45 % formamide, 1 % 

15 SDS at yyC, and a wash in 0.5X to IX SSC at 55 to 60 °C; and 

(d) an isolatec^nucleic acid fragment that is completely 
complementary to (a), (b) or (c). 

2. An isolated nucleic acid fragment comprising a first nucleotide 
sequence encoding a polypeptideVf at least 369 amino acids that has greater than 

20 71 % identity based on the Needlekian and Wunsch algorithm when compared to a 
polypeptide encoded by the sequence identified in SEQ ID NO:5, or a second 
nucleotide sequence comprising the complement of the first nucleotide sequence. 

3. An isolated nucleic acid fragment encoding a nitrilase enzyme, or a 
fragment thereof, selected from the group consisting of: 

25 (a) an isolated nucleic acia fragment selected from the group 

consisting of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID 
NO:9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12, SEQ ID 
NO: 13, SEQ ID NO: 15 andWQ ID NO: 16; 

30 (b) an isolated nucleic acid moleimle that hybridizes with the 

isolated nucleic acid fragment of (a) under hybridization 
conditions of 6X SSC (IM NaCD, 40 to 45 % formamide, 1 % 
SDS at 37 °C, and a wash in 0.5X\to IX SSC at 55 to 60 ^C; 
and 

35 (c) an isolated nucleic acid fragment thafs^s completely 

complementary to (a) or (b). 
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4. An isolated nucleic acid sequence encoding a nitrilase enzyme 
selected from the group consisting of SEQ ID NO:4, SEQ ID NO: 13, SEQ ID 
NO: 1 5, and SEQ ID NO: 1 6. 

5. The isolated nucleic acid fragment of any of Claims 1, 2, 3, or 4 
5 wherein the fragment is isolated from an Acidovorax strain. ^ — 

6. A polypeptide encoded bypgTmcleic acid fragments of any of 
Claims-L,.2*J, or 4. V\ \ 

7. A polypeptide according tbjc^^ having the amino acid sequence 
selected from the group consisting of 13^^ Id\nO:5 and SEQ ID NO: 14. 

10 8. The polypeptide ofClaim 6 fiirther characterized by nitrilase activity 

on nitrile-containing substrates selected from the group consisting of aliphatic 
nitriles and aromatic nitriles. 
^^^^ 9. A chimeric gene comprising the isolated nucleic acid fragment of any 

of ClaimsJU.2^, 4 or 5 operably linked to suitable regulatory sequences. 
15 10. A plasmid pSW91 contained in E. coli SW91 having the designation 

ATCC PTA-1 175, a plasmid pnit4 contained in E, coli DH5 a: pnit4 having the 
designation ATCC PTA-1 176, or a plasmid pnitex2 contained in either E, coli 
SS1002orin£'. co// SSlOll. 

11. An expression cassette comprising the chimeric gene of Claim 9. 
20 12. The expression cassette of Claim 1 1 selected from the groi3p" 

consisting of the plasmids pS W9 1 , pnit47and pnitex2. ^ 

13. A transformed microorganism comprising the chimeric gene Claim 9. 

14. A transformed microorganism comprising the plasmid of Claim To. 

15. A transformed microorganism comprising the expression cassette of 
25 Claim 11. 

16. The transformed microorganism of Claim 15 wherein the expression 
cassette is chromosomally integrated. ^ 

17. The transformed microorganism of Claim 16 fiirther comprising 
suitable regulatory sequences. ^ 

30 1 8. The transformed microorganism of Claim 1 7 wherein the suitable 

regulatory sequences comprise 

a) at least one promoter selected from the group consisting of the 

tryptophan operon promoter Ptrp of E. coli, a lactose operon promoter 
Plac of coli, a Ptac promoter of E, coli, a phage lambda right 
35 promoter PR, a phage lambda left promoter PL, a T7 promoter, a 

promoter of the AOXl gene from Pichia pastoris, and a promoter of 
the GAP gene from Pichia pastoris, or is at least one strong promoter 
selected from the group consisting of Comamonas, Corynebacterium, 
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Brevibacterium, Rhodococcus, Azotobacter, Citrobacter^ 
Enterobacter, Clostridium^ Klebsiella^ Salmonella, Lactobacillus^ 
Aspergillus^ Saccharomyces, Pichia, Zygosaccharomyces, 
Kluyveromyces, Candida^ Hansenula, Dunaliella^ Debaryomyces, 
5 Mucor^ Torulopsis, Methylobacteria, Bacillus, Escherichia, 

Pseudomonas, Rhizobium, and Streptomyces, and 
b) at least one ribosome binding site from a phage lambda Cn gene or 
selected from the group consisting of ribosome binding sites from a 
gene of Comamonas, Corynebacterium, Brevibacterium, 
10 Rhodococcus, Azotobacter , Citrobacter, Enterobacter, Clostridium, 

Klebsiella, Salmonella, Lactobacillus, Aspergillus, Saccharomyces, 
Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula, 
Dunaliella, Debaryomyces, Mucor, Torulopsis, Methylobacteria, 
Bacillus, Escherichia, Pseudomonas, Rhizobium, and Streptomyces. 
15 19. The transformed microorganism of ClaioLl 8, wherein the host 

microorganism is selected from the group consisting of Comamonas, 
Corynebacterium, Brevibacterium, Rhodococcus, Azotobacter, Citrobacter, 
Enterobacter, Clostridium, Klebsiella, Salmonella, Lactobacillus, Aspergillus, 
Saccharomyces, Zygosaccharomyces, Pichia, Kluyveromyces, Candida, 
20 Hansenula, Dunaliella, Debaryomyces, Mucor, Torulopsis, Methylobacteria, 
Bacillus, Escherichia, Pseudomonas, Rhizobium, and Streptomyces, 

20. A transformed microorganism selected from the group consisting of: 

(a) E, coli SW91 having the designation ATCC PTA-1 175; 

(b) E, coli DH5a: pnit4 having the designation ATCC PTA-1 176; 
25 (c) E. coli SSlOOl having the designation ATCC PTA-1 177; and 

(d) E. coli SS1002 containing plasmid pnitex2; and 

(e) E, coli SSlOl 1 containing plasmid pnitex2. 

2L A method of obtaining a nucleic acid fragment encoding all or a 
substantial portion of a nitrilase enzyme, the method comprising: 
30 (a) probing a genomic library with all or a portion of a nucleic acid 

fragment selected from the group consisting of SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, 
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, 
SEQ ID NO: 1 1 , SEQ ID NO: 1 2, SEQ ID NIO: 13, SEQ ID 
35 NO:15, and SEQ ID NO:16; 

(b) identifying a DNA clone that hybridizes with the nucleic acid 
fragment of step (a); and 
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(c) sequencing the nucleic acid fragment that comprises the DNA 
clone identified in step (b), 
wherein the sequenced nucleic acid fragment of step (b) encodes all or a 
substantial portion of an amino acid sequence encoding a nitrilase enzyme. 

22. ^ method of obtaining a nucleic acid fragment encoding all or a 
substantial portion of a nitrilase enzyme, the method comprising: 

(a) \synthesizing at least one oligonucleotide primer corresponding 
a portion of the sequence selected from the group consisting 

oAsEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, 
10 SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, 

SEQip NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID 
NO:13\sEQ ID NO: 15, and SEQ ID NO: 16; and 

(b) amplifying\an insert present in a cloning vector using the 
oligonucleoikie primer of step (a), the amplified insert of step (b) 

15 encoding all ot a substantial portion of an amino acid sequence 

encoding a nitnlase enzyme. 

23 . The product of the methodj^Claims 21 o r 22 . 

24. A method to enzymat^lly conyert nitrile-containing substrates to a 
carboxylic acid, the method cor 

20 (a) contacting, under smtable conditions, a transformed 

heterologousmost ex^ressing\:he golypeptide of Claim 4 with a 
nitrile-contair 

(b) optionally collecting th^ carbo?i^^lic acid produced in step (a). 

25. The method of Claifk^4, whefein the nitrile-containing substrate is a 
25 dinitrile of the formula NC-R-CN where R k an alkylene group having from 1 to 

10 carbon atoms. 

26. The method of Claim 25, wherein \ijie nitrile-containing substrate is 
2-methylglutaronitrile. 

27. A method to enzymatically convert nitrile-containing substrate(s) to 
30 carboxylic acid(s), the method comprising: 

(a) contacting, under suitable conditi^s, a transformed 
heterologous host comprising the cl;{imeric gene of Claim 9 with 
nitrile-containing substrate(s); and 

(b) optionally collecting the carboxylic aoid produced in step (a). 
35 28. The method of Claim 27, wherein the nitrile-Vontaining substrate is a 

dinitrile of the formula NC-R-CN where R is an alkylene Sfoup having from 1 to 
10 carbon atoms. 
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29. TheVtnethod of Claim 27, wherein the nitrile-containing substrate is 
2-methylglutaroBitrile. 

30. The method of Claim 27 wherein the suitable regulatory sequences of 
the chimeric gene comprise an inducible promoter. 

31. The method of Claim 30, the suitable conditions of step (a) further 
comprising the presence of an inducer of the inducible promoter. 

32. The method of enzymatically converting 2-methylglutaronitrile to the 
corresponding carboxy^ic acid, the method comprising: 

(a) contacting, under suitable conditions, E. coli SW91 designated 
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ATCC^TA-1 175 with 2-methylglutaronitrile; and 
(b) optional^ collecting the carboxylic acid produced in step (a). 
33. An improvement to the process for preparing five-membered ring 
lactams or six-membered ring lactams from aliphatic a,CD-dinitriles comprising: 
(a) contacting an aliphatic a,co-dinitrile in an aqueous reaction 
mixture with an enzyme catalyst, whereby the aliphatic 
a,(o-dinitrile is converted to an co-cyanocarboxylic acid 
ammonium salt; 

contacting the aqueous product mixture resulting from step (a) 



15 



(b) 



20 



25 



(c) 



with hydrygen aQd a hydrcigenation catalyst, whereby the 
co-cyanocarboxylic acid animonimn salt is converted directly to 
the corresoondingMactam-'^at^ isolation of the intermediate 
co-cyanocamoxylic*^acid, co-cyanocarboxylic acid ammonium 
salt, co-aminocarbox,ylic acid\or co-aminocarboxylic acid 
ammonium s^lt; and\ 

recovenng th\ lactamVfrom the aqueous product mixture 
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resulting from step (b))^ 
the improvement comprising in step (a) cc>ntacting an aliphatic a,co-dinitrile in an 
aqueous reaction mixture with an enzyme catalyst selected from the group 
consisting of 

(1) 

(2) 
(3) 
(4) 
(5) 
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34. 
formula 



\ 

E. coli SW91 having the designation ATCC PTA-1 175; 
E. coli DH5a: pnit4 having '^e designation ATCC PTA-1 176; 
E. coli SSlOOl having the designation ATCC PTA-1 177; and 
E. coli SSI 002 containing placid pnitex2, and 
E. coli SSlOll containing plasmid pnitex2. 



The process of Claim 33 wherein the a^phatic a,co-dinitrile has the 



NCCXa(R)(CH2)nCN, 
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where a = 0 or 1 , where X = hydrogen when a = 1 , and R = H, alkyl or 
substituted alkylVr alkenyl or substituted alkenyl, or alkyhdene or substituted 
alkyhdene, and where n = 1 or 2. 

35. The method of ClaiiiQ4 wherein the a,co-dinitrile is 
2-methylglutaronitril 

36. The process of ClaijTL33 wherein the aliphatic a,co-cyano is 
unsymmetrically substituted at the a-carbon atom, and the enzyme catalyst is 
characterized by ahphatic nitrilase activity that produces the co-cyanocarboxylic 
acid ammonium sah resulting from regioselective hydrolysis of the co-cyano 
group, thereby producing bnly one of the two possible lactam products during step 
(b). \ 

37. The process of (Claixn_23 further comprising adding, before step (b), 
ammonium hydroxide, ammfenia gas, or methylamine to the aqueous product 
mixture containing the co-cyarioc^rbi^ylic acid ammonium salt 

38. The process of CMniJ,? wherein the amount of ammonium 
hydroxide, ammonia gas, or nie^hylamiite added to the aqueous product mixture is 
from 0 to 4 molar equivalems relative to ^he amount of co-cyanocarboxylic acid 
ammonium salt present. 

39. The process of C llajnfjs wherl 
product mixture containing 1 he co-cyanocan)oxyl 



step (b) and the product of s ep (b) is an N 



methylamine is added to the aqueous 

ic acid ammonium salt before 
ethyllactam. 



40. The process of ClaiQi33y herein in step (b) the temperature of the 
aqueous product mixture is from 45 °C to 200 °C. 

41. The process of Claii^3 fqr preparing five-membered ring lactams or 
six-membered ring lactams from aliphaVic a,a)-dinitriles, wherein: 

the aliphatic a,co-dinitrile is of either formula: 




R3 R4 




R3 R4 
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where R^ and R^ are both H, and 
R3, R^, R^^ and R^ are each independently selected from the 
group consisting of H, alkyl or substituted alkyl, or alkenyl or 
substituted alkenyl, or R3 and R4 taken together are alkylidene 
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or substituted alkylidene, or independently R5 and taken 
together are alkylidene or substituted alkylidene. 

42. TheViethod of Clai m 33 or 4 1 wherein the enzyme catalyst is in the 
, form of whole mffcrobial cells immobilized in or on an insoluble support. 

43. A metWod for using a native microbial gene encoding a protein 
characterized by a nitrilase activity on nitrilase-containing substrates to obtain a 
mutated microbial ger^ encoding a protein characterized by an increased specific 
nitrilase activity on nitnle-containing substrates and/or an increased stability of the 
nitrilase, one or both characteristics increased relative to that of the native 
microbial gene, the metho^ comprising the steps of 

(i) contacting restriction endonucleases with a mixture of 

nucleotide^sequences to yield a mixture of restriction fragments, 
the mixture of nucleotide sequences comprising 

a) a native microbial gene; 

b) a first population of nucleotide fragments which will 
hybridize with the nucleotide sequences of the native 
microbiaP-geifesof (i)(a); and 

c) a second^population of nucleotide fragments which will 
not hybridize to thV nucleotide sequences of the native 
mifcrpbial gene of (i5(a). 



(ii) denaturing thejito fragments of step (i); 

(iii) incubatkt^the denatured niixture of restriction fragments of 
step (ii) with a poljmierase; knd 

(iv) repeating st^ps (i), (^i), and (iii) a sufficient number of times 
to yield a mutated microbial gene encoding a protein 
characterized by an increased specific nitrilase activity on 
nitrile-containing substrates and/or an increased stability of 
the nitrilase, one or botA characteristics increased relative to 
the nitrilase activity of the native microbial gene. 

44. The method of Claiqi^ wherein thp native microbial gene is 
Acidovoraxfacilis 72W and the nitrile-containing substrate is 2- 
methylglutaronitrile. v 

45. A mutated microbial gene encoding a protein characterized by an 
increased specific nitrilase activity on nitrile-contalining substrates and/or an 
increased stability of the nitrilase, one or both characteristics increased relative to 
the nitrilase activity of a native microbial gene, the rfjutated microbial gene 
produced by the method of Claim 43. \ 
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46. The transformed microorganism of Cl aim 1 9, wherein the host 
microorganism is E, coli strains MG1655 (ATCC 47076), W31 10 (ATCC 27325), 
MC4100 (ATCC 35695), or W1485 (ATCC 12435). 
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